INTRODUCTION
Fever is often the first symptom of illness, a common reason for physician visits, and a cause for anxiety in patients, families, and the healthcare team. The most widely used definition of normal (37°C) and febrile (38°C) temperatures derive from a single study from 1868, despite recent research describing lower average and febrile temperatures, with fluctuations based on circadian rhythm and demographics [1] [2] [3] . Nevertheless, decisions to admit patients to the hospital, perform invasive procedures, or provide antibiotics are still made using these outdated values. Smartphones and wearable technology may allow us to redefine normal and febrile temperatures for individuals of different demographics and to improve our recognition of febrile illnesses. Researchers can now rapidly recruit large numbers of patients and crowdsource their data through platforms such as ResearchKit (Apple). Whether patientreported data obtained through crowdsourcing conforms to research conducted under controlled conditions is still unknown.
We developed Feverprints, a ResearchKit app, to crowdsource temperature data in health and disease and to test whether this platform produces reliable data.
METHODS
Participants downloaded Feverprints from Apple's App Store and provided consent. Children and adults living in the USA who owned thermometers were eligible to participate. Surveys assessed demographics, medical and family history, and medications. Participants manually recorded temperatures, associated symptoms, and antipyretic use within Feverprints. The Boston Children's Hospital Institutional Review Board approved this study.
BNormal^temperatures were calculated from asymptomatic, non-medicated patients. As in previous studies [2, 4] , we defined Bfever^as the 99th percentile of normal temperatures. Group means were calculated by taking the mean of users' mean temperatures, restricting data to temperatures less than the febrile cutoff. Group differences were assessed with t tests. While participants could take their temperature in any body location, we restricted the current analysis to oral temperatures to limit variability; children under 18 years of age were also excluded.
RESULTS
We collected 5038 oral temperatures from 329 participants from March 2016 to June 2017. Participant characteristics are shown in the Table 1 .
The mean Bnormal^temperature (2792 temperatures from 208 users) was 36.5°C (SD = 0.4°C). The 99th percentile was 37.5°C. The average daily temperature trend is shown in Figure 1 . Minimum temperature occurred between 3 am and 5 am (mean = 36.1°C, SD = 0.3°C), while maximum temperature occurred between 4 pm and 6 pm (mean = 36.7°C, SD = 0.5°C). The 99th percentile also varied from 36.9°C (3 am-5 am) to 37.9°C (4 pm-6 pm).
Male temperature (mean = 36.5°C, SD = 0.4°C) was lower than female temperature (mean = 36.6°C, SD = 0.4°C, p = 0.05). There was a weak but statistically 
DISCUSSION
By crowdsourcing temperatures from hundreds of adults, we found average oral temperatures to be 36.5°C and defined fever as 37.5°C or higher. Average temperatures varied significantly throughout the day and were affected by age and gender. Our crowdsourced study supports previous research performed under controlled conditions: our mean normal temperature lies near the center of means from Sund-Levander (36.2°C) [3] , Waalen (36.3°C) [1] , and Mackowiak (36.8°C) [2] . Prior classifications of Bfever^utilized temperatures above 37.2°C at 6 am, or above 37.7°C at 6 pm, similar to our findings [2] . The gender and age differences we observed are similarly described in the literature [1] [2] [3] .
Our results highlight the shortcomings of using a single value to define normal and febrile temperatures in patients of different demographics at different times of the day and emphasize the importance of a personalized approach to temperature, as we do for the other vital signs.
At the same time, we show that results from a smartphonebased, crowdsourced study conform with those of studies performed under controlled conditions. While previous work found ResearchKit data to be of good quality [5] , ours is the first study that demonstrates patient-reported data from ResearchKit agrees with prior studies conducted under controlled conditions.
Limitations of our study include that we could not verify participants' data, temperatures were obtained with various thermometers, and only iPhone users were able to participate.
In summary, we recommend a personalized approach to temperature in the healthcare setting and provide strong evidence for the utility of ResearchKit for future medical research. Fig. 1 (a) Average daily temperature and (b) number of temperature recordings at each hour. To assess temperature trends throughout the day, each entry was treated individually. To adjust for varying number of measurements per user, recordings were grouped into 15-min intervals, and each user's average temperature over that interval was treated as a single data point. These adjusted temperature points were then plotted vs. recording time, and a smoothing cubic spline was applied to average over different users' recordings. Cubic spline interpolation was performed to generate curves sampled at regular intervals.
